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(54) Vehicle braking system 

(57) A vehicle braking system having at least two 
wheels which are braked by fluid brake pressure com- 
prising means to control the brake pressure above a 
threshold pressure for a limited time period and the sys- 
tem comprising means to cause the system to adopt a 
select high mode or a select low mode in response to 
the speed conditions of the wheels which are engaged 
with said surface during the limited time period. The sys- 
tem may comprise a controller responsive to wheel 
speed signals from at least two wheel speed sensors, 
for sensing skid conditions of at least two wheels and 
for generating skid control instructions, a plurality of 
wheel brakes responsive to fluid pressure, hereinafter 
referred to as fluid brake pressure, comprising a com- 
mon supply valve, for supplying brake pressure to said 
brakes from a fluid pressure supply in accordance with 
a brake operating signal and a skid control means con- 
trolled by said skid control instructions for controlling the 
brake pressure in a plurality of cycles each of which 
comprises a pressure reduction phase and a pressure 
increase phase, and first comparison means to compare 
the co-efficient of friction of the lower friction surface with 
a predetermined threshold and/or second comparison 
means to compare the relative values of the co-efficients 
of friction of the surfaces with which at least two of the 
wheels are engaged and means to operate the skid con- 
trol means in a select low mode if said comparison 
means determines that a) the co-efficient of friction of 
the lower friction surface is above a predetermined ab- 
solute level, and/or b) the co-efficients of friction of the 



surfaces with which at least two of the wheels are en- 
gaged differ by less than a predetermined amount, and 
a select high mode if said comparison means deter- 
mines that a) the co-efficient of friction of a lower friction 
surface is at or below a predetermined absolute level, 
and/or b) the co-efficients of friction of said surfaces dif- 
fer by at least said predetermined amount. 
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Description 

This invention relates to a vehicle braking system 
having at least two wheels which are braked by fluid 
brake pressure. The braking system may comprise at 
least one brake control channel comprising a controller 
responsive to wheel skid signals from at least two wheel 
speed sensors, for sensing speed conditions of at least 
two wheels and for generating skid control instructions, 
a plurality of wheel brakes responsive to fluid brake 
pressure, supplied thereto, a supply means ! comprising 
a common supply valve, for supplying brake pressure 
to said brakes from a fluid pressure supply in accord- 
ance with a brake operating signal and a skid control 
means controlled by said skid control instructions for 
controlling the brake pressure in a plurality of cycles 
each of which comprises a pressure reduction phase 
and a pressure increase phase and may also comprise 
a pressure hold phase between the pressure reduction 
and increase phases. 

For example : the or each channel may comprise 
two wheels at opposite ends of a common axle or may 
comprise two wheels at the same end of different axles. 
The wheels may be of any type, e.g. driven, steered or 
load carrying. 

When a "split co-efficient of friction situation" arises, 
i.e. when one wheel of a channel system is engaged 
with a surface having a co-efficient of friction which is 
higher (higher friction surface) than the co-efficient of 
friction of a surface with which another wheel is engaged 
(lower friction surface), it has been known to select one 
of the wheels as the wheel which controls the operation 
of the skid control means. If the wheel engaged with the 
or a lower friction surface is selected (known as "select 
low mode") then, when the brakes are applied, the skid 
control means is operated, in dependence on the con- 
troller detecting a skid condition of the wheel engaged 
with the lower friction surface, to cause the common 
supply valve to control brake pressure to reduce the 
braking effect on all the wheels of the channel. Where 
the channel comprises more than two wheels normally 
the skid control means is controlled by the wheel en- 
gaged with the lowest friction surface, i.e. the first wheel 
to skid. However, if desired, any surface other than the 
highest friction surface may be selected if desired and 
such surface is referred to herein as the lower friction 
surface. 

In a select low mode the controller controls the 
brake pressure of the wheels in accordance with skid 
conditions of the wheel engaged with the lower friction 
surface. This causes a reduction in the braking effect of 
the wheel(s) engaged with the or each higher friction 
surface so that overall braking effect is reduced and the 
retardation is approximately equivalent to the wheels 
being engaged with the lower friction surface. 

Alternatively, if the wheel engaged with a higherf ric- 
tion surface is selected (known as "select high mode"), 
then when the brakes are applied the skid control means 



is operated in dependence on the controller detecting a 
skid condition of the wheel engaged with the higher fric- 
tion surface, to cause the common supply valve to con- 
trol brake pressure to reduce the braking effect of the 
5 wheels. 

When the channel comprises more than two wheels 
normally the skid control means is controlled by the 
wheel engaged with the highest friction surface, i.e. 
when all the wheels have skidded. However, if desired, 
10 any surface other than the lowest friction surface may 
be selected if desired and such surface is referred to 
herein as the higher friction surface. 

In a select high mode the controller controls the 
brake pressure of the wheels in accordance with skid 
15 conditions of the wheel engaged with the higher friction 
surface. This causes the wheel(s) on the or each lower 
friction surface to continue to skid. In these circumstanc- 
es, whilst the wheel(s) engaged with the or each lower 
friction surface contributes significantly to retardation of 
20 the vehicle, this wheel provides little stability, although 
by providing skid control to the wheel(s) engaged with 
the higher friction surface(s) retardation is maximised 
from the wheel(s) engaged with the higher friction sur- 
face(s) and overall stability is maintained. 
25 An object of the present invention is to provide a 
vehicle braking system whereby the disadvantages of 
the above described "select high" and "select low" sys- 
tems are overcome or are reduced. 

According to a first aspect of the present invention 
30 we provide a vehicle braking system having at least two 
wheels which are braked by fluid brake pressure, com- 
prising means to control the brake pressure above a 
threshold pressure for a limited time period and the sys- 
tem comprising means to cause the system to adopt a 
35 select high mode or a select low mode in response to 
the speed conditions of the wheels which are engaged 
with said surface during the limited time period. 

The braking system may comprise a controller re- 
sponsive to wheel speed signals from at least two wheel 
40 speed sensors, for sensing speed conditions of at least 
two wheels and for generating skid control instructions, 
a plurality of wheel brakes responsive to fluid brake 
pressure supplied thereto, a supply means, comprising 
a common supply valve, for supplying brake pressure 
45 to said brakes from a fluid pressure supply in accord- 
ance with a brake operating signal and a skid control 
means controlled by said skid control instructions for 
controlling the brake pressure in a plurality of cycles 
each of which comprises a pressure reduction phase 
50 and a pressure increase phase. 

The braking system may comprise comparison 
means to perform, in an initial anti-skid cycle, a first de- 
termination to operate the system in a select low mode 
or in a select high mode in accordance with the friction 
55 characteristic of the surface with which the wheels are 
engaged. 

The braking system may comprise a first compari- 
son means to compare the co-efficient of friction of the 
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lower friction surface with a predetermined threshold 
and second comparison means to compare the relative 
values of the co-efficients of friction of the surfaces with 
which at least two of the wheels are engaged. 

The system may be caused to operate in select low 
mode if said comparison means determines that a) the 
co-efficient of friction of the lower friction surface is 
above a predetermined absolute level, and/or b) the co- 
efficients of friction of the surfaces with which at least 
two of the wheels are engaged differ by less than a pre- 
determined amount, and a select high mode if said com- 
parison means determines that a) the co-efficient of fric- 
tion of a lower friction surface is at or below a predeter- 
mined absolute level, and/or b) the co- efficients of fric- 
tion of said surfaces differ by at least said predetermined 
amount. 

The means to control the brake pressure may be 
operable to control the brake pressure above said 
threshold when the system is in a select low mode. 

Means may be provided to determine the speed of 
rotation of said wheels during, or within a predetermined 
time after the end of, said limited time period. 

The system may comprise means to monitor which 
wheel first encounters a skid condition when the brake 
pressure is increased in a pressure increase phase sub- 
sequent to a pressure reduction or holding phase pur- 
suant to detection of the first skid condition, and means 
to monitor the co-efficient of friction of the higher friction 
surface in a second or greater skid occurrence of said 
wheel which first encountered a skid condition. 

The means to cause the system to adopt a select 
high mode or a select low mode in response to the speed 
conditions of the wheels engaged with said surface dur- 
ing the limited time period may comprise 

i) means to cause the system to adopt a select high 
mode in response to a skid condition of wheel en- 
gaged with said higher friction surface being above 
a threshold during the limited time period, 

ii) means to cause the system to adopt a select low 
mode in response to a skid condition of the wheel 
engaged with said higher friction surface being be- 
low the threshold during the limited time period. 

The brake system may have means to determine 
whether the wheels are engaged with a surface the fric- 
tion characteristic of which has changed from that ob- 
taining in the initial cycle to a split friction surface and, 
in consequence, to cause operation of said means to 
control the brake pressure above said threshold for said 
limited time period. 

The system may comprise means to effect a pres- 
sure reduction phase until the wheels have recovered 
to within a predetermined speed of vehicle speed in re- 
sponse to detection of a skid condition of the wheel en- 
gaged with said higher friction surface during the limited 
time period so that the controller adopts a select low 
mode. 



The first comparison means may comprise means 
to compare the speed of the wheels with a threshold and 
to cause the controller to be in select low mode if the 
speed of the wheel engaged with the lower friction sur- 
5 face is (low friction wheel) at or above the threshold. 

The first comparison means comprises means to 
compare the acceleration of the wheel with a threshold 
if the speed of the low friction wheel is below the thresh- 
old, and to cause the controller to be in a select low 
to mode if the acceleration is at or above the threshold and 
to cause the controller to be in a select high mode if the 
acceleration is below the threshold. 

Said means to control the brake pressure during 
said limited time period may be operable so as to 

75 

a) decrease during the limited time period but at a 
lower rate than in a previous recovery phase, or 

b) remain constant during the limited time period, or 

c) increase during the limited time period. 

The means to control the brake pressure may be 
operable so that when the brake pressure is increased 
it is increased at the same rate, or at a faster rate, or at 
a slower rate than in a previous pressure increase 
phase. 

The system may comprise means to hold the brake 
pressure, or to further reduce and then hold the brake 
pressure to allow recovery ol said wheel previously en- 
gaged with the lower friction surface in response to the 
controller being in a select high mode, and, during a 
pressure reduction phase or a pressure holding phase, 
the controller detecting acceleration of the wheel previ- 
ously engaged with the lower friction surface, as a result 
of the co-efficient of friction of the higher and lower fric- 
tion surfaces converging. 

The system may comprise means further to reduce 
the brake pressure and optionally to then hold the brake 
pressure, to allow full recovery of the other wheel en- 
gaged with the lower friction surface in response to the 
controller being in a select high mode, and, during a 
pressure reduction phase or a pressure holding phase, 
the controller detecting that acceleration of the wheel 
previously engaged with a higher friction surface is with- 
in a predetermined acceleration of the acceleration of 
the wheel previously engaged with the low Iriction sur- 
face and/or is below a predetermined level, as a result 
of the co-efficient of friction of the higher and lower sur- 
faces converging. 

The system may comprise means, operative when 
the controller is in a select high mode, to compare the 
speed of the wheel engaged with the lower friction sur- 
face (low friction wheel) with a threshold, and means to 
cause the controller to adopt select low mode if the 
speed is at or above the threshold. 

The system may comprise means to compare the 
speed of the high friction wheel with a threshold, if the 
speed of the low friction wheel is below a threshold, and 
means to cause the controller to maintain select high 
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mode if the speed of the high friction wheel is greater 
than or equal to the threshold and means to cause the 
controller to compare the acceleration of the high friction 
wheel with a threshold if the speed of the high friction 
wheel is less than the threshold. 

The system may comprise means to cause the con- 
troller to maintain select high mode if the acceleration 
of the high friction wheel is greater than or equal to the 
threshold and to adopt select low mode if the accelera- 
tion of the high friction wheel is less than the threshold. 

The wheels may be steered wheels and means 
maybe provided to limit the brake pressure after the 
wheel engaged with the lower friction surface has skid- 
ded. 

Said means to limit the brake pressure may end the 
pressure increase phase after a predetermined time and 
then hold the brake pressure at that pressure. 

The second comparison means may comprise 
means to compare the speed of the wheel engaged with 
Ihe higher friction surface (high friction wheel) with a 
threshold during a test procedure in which the brake 
pressure is maintained above a threshold for a limited 
time period and means to cause the controller to main- 
tain select low mode if the speed of the high friction 
wheel is less than said threshold and to cause the con- 
troller to adopt a select high mode if the speed of the 
high friction wheel is greater than or equal to the thresh- 
old. 

Embodiments of the invention will now be described 
in more detail by way of example, with reference to the 
accompanying drawings: 

FIGURE 1 is a diagrammatic illustration of a vehicle 
having a braking system embodying the invention; 
FIGURE 2 is a circuit diagram showing the braking 
system of the vehicle of Figure 1; 
FIGURE 3 is a graphical representation showing 
the variation of brake pressure with time and the 
corresponding variation of wheel speed with time 
for a wheel engaged with a high friction surface and 
a wheel engaged with a low friction surface in a 
braking system embodying the present invention; 
FIGURE 4 is a graphical representation similar to 
that of Figure 3 but showing the conditions obtaining 
when a wheel previously engaged with a high fric- 
tion surface passes into engagement with a lower 
friction surface; 

FIGURE 5 is a graphical representation similar to 
that of Figure 3 but showing the conditions obtaining 
when a wheel previously engaged with a low friction 
surface becomes engaged with a higherf riction sur- 
face; 

FIGURE 6 is a diagrammatic representation of the 
function of an algorithm for selection between a se- 
lect low mode and a select high mode; and 
FIGURE 7 is a diagrammatic representation of the 
function of an algorithm for selection between a se- 
lect high mode and a select low mode. 



Referring now to the Figures. 
In Figure 1 there is shown a tractor 9 to which a 
trailer 10 is hitched by a conventional third wheel cou- 
pling in conventional manner. The tractor is provided 
5 with a conventional air brake system comprising an air 
compressor 11, a reservoir 12 for storing compressed 
air, a driver operated foot brake command valve 13 
which supplies a brake command signal to relay valve 
means 14 on the tractor which cause air to be supplied 
io from the reservoir 12 to brakes of the wheels 15 of the 
tractor. A main air supply is provided to the trailer 10 via 
a conventional coupling 1 7 whilst a brake command sig- 
nal from the pedal 13 is also supplied to the trailer 10 
via a conventional coupling 18. 
15 The main air supply via the coupling 17 is supplied 
via a line 1 9 on the trailer to a reservoir 20 and via line 
21 to a relay valve 22 which provides a common supply 
valve to supply brake pressure via a line 23 to two wheel 
brakes 24a, 24b for wheels 25a, 25b on opposite ends 
20 of an axle 26 of the trailer. The wheels 25a, 25b are en- 
gaged with surfaces 27a, 27b respectively. As the vehi- 
cle is driven the co-efficient of friction of the surfaces 
may change in both absolute and relative terms. 

The trailer has a single channel brake control sys- 
25 tern in which the brake command signal is fed via a line 
28 to a load sensing vafve 29 and via line 30 to a skid 
control means 31 which comprises two solenoid valves 
A, B. A one-way bi-pass line 32a may be provided be- 
tween the line 32 and the line 30 to enable brake de- 
30 mand reduction even if the solenoid valves A, B are in 
a hold condition, hereinafter to be described. The valve 
A comprising a holding valve which, when energised, 
prevents flow of air in either direction through the valve 
whilst the valve B is an exhaust valve which, when en- 
3S ergised, permits of exhaust of air via a line 32 connected 
to the control side of the relay valve 22. 

The line 32 therefore provides a brake operating 
signal to the relay valve 22 which is dependent upon the 
brake command signal on the line 28 but modulated by 
^0 the skid control means 31. The skid control means are 
controlled by skid control instructions provided on elec- 
trical lines 33, 34 extending from an electronic controller 
35. The electronic controller 35 comprises a microcom- 
puter which, in the present example, on a single chip 
45 provides a central processor unit (CPU) connected by 
an address bus and a data bus to a random access 
memory (RAM) serving as a working store and a pro- 
grammable read only memory (PROM) serving as a 
store for an operating programme of the system, togeth- 
50 er with input and output ports for input and output of sig- 
nals. If desired, these features of the electronic control- 
ler 35 may be realised in any other suitable manner. 

The PROM is programmed with an algorithm which 
provides a means to control the brake system of the 
55 present invention and to provide conventional ABS con- 
trol and in particular to adopt a select high mode or a 
select low mode. Figure 6 illustrates the function of the 
algorithm in selecting between a select low and a select 
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high mode and Figure 7 illustrates the function of the 
algorithm in selecting between a select high mode and 
a select low mode. The electronic controller is supplied 
with wheel speed signals on electrical lines 38, 39 from 
sensors 36a, 36b which sense the speeds of the wheels 
25a, 25b respectively. 

Referring now to Figure 3, there is shown in the line 
marked 1 the speed of rotation, plotted against time, of 
one of the wheels 25a, 25b, whilst the line marked 2 sim- 
ilarly plots the speed of rotation of the other wheel. In 
the present example the lines marked 1 & 2 show the 
variation in speed of the wheel 25a and the wheel 25b 
respectively. In the present example, the wheel 25a is 
engaged with a surface having a co-efficient of friction 
which is higher than the co-efficient of friction of the sur- 
face with which the wheel 25b is engaged. 

The line marked 3 plots the variation in brake pres- 
sure against time. The brake pressure is the pressure 
of the air in the line 23 which extends to the brakes 24a, 
24b. 

In the region A the driver has not demanded any 
braking with the valve 1 3 and therefore the brake pres- 
sure is zero and the wheels 25a, 25b are rotating at the 
same or similar speeds S v (corresponding to. vehicle 
speed) which results from non-skidding engagement of 
the wheels 25a, 25b with surfaces 27a, 27b respectively. 
At point 1 the brakes are applied and in region B there 
is shown increase in brake pressure supplied to the 
brakes 24a, 24b in the line 23 as a result of the driver 
demanding brake application by depressing the foot 
valve 1 3 and hence providing a brake command signal 
via the connection 18 along line 28, load valve 29, line 
30, skid control unit 31 and line 32 to the control side of 
the relay valve 22. At this stage the skid control unit 31 
permits free flow of the brake command signal since, as 
can be seen from lines 1 and 2, the wheels are still ro- 
tating at a speed corresponding to vehicle speed since 
there is as yet no skidding, although the absolute value 
of the speed is somewhat decreased as a result of com- 
mencement ot slowing of the vehicle. 

At point 2 the wheel 25b is engaged with the surface 
27b which has a co-efficient of friction which is lower 
than that of the surface 27a by a relatively small amount 
and so the wheel 25b commences to skid relative to the 
surface 27b. In the present example the wheel does not 
stop rotating but it slows to a speed S 2 . 

As a result of the sensor 36b detecting the onset of 
skidding of the wheel 25b the controller 35 sends skid 
control instructions to the solenoids A, B so as to ener- 
gise the solenoid valves A and B to reduce the brake 
pressure during a pressure reduction phase C°r. until 
the brake pressure is reduced to a pressure P-, at point 
3 which is sufficient to stop the wheel skidding and al- 
lows it to recover to its normal rolling speed. 

During a recovery phase C°h from point 3 to point 
4, the pressure is held constant at pressure P.,, the 
wheel 25b accelerates, and the sensors 36a, 36b send 
signals of wheel speed to the controller 35 which com- 



pares the speeds of the wheels with a threshold value. 
In this case, the speed of the wheel 25b is at or above 
the threshold value and so the controller is caused to 
maintain select low mode as shown at Stage I of the 

5 algorithm shown in Figure 6. 

Alternatively, the co-efficient of friction of the sur- 
face at the stage of skid of depth 6, may be such that 
the controller determines that the wheel speed is less 
than the threshold value (Stage II) and in this case the 

io controller compares the acceleration of the wheel 25b 
with a threshold acceleration and if the acceleration of 
the wheel is equal to or greater than the threshold value, 
the controller again maintains a select low mode (Stage 
III). 

15 When the speed of the wheel 25b has recovered to 
within a predetermined level of vehicle speed (point 4), 
determined either by the memory of the vehicle speed 
prior to skidding and/or the speed of the vehicle as de- 
termined by the speed of rotation of the wheel 25a, the 

20 controller 35 supplies skid control instructions lo the so- 
lenoid valves A, B so as to cause the brake pressure to 
rise from the level P-, in a predetermined regime to a 
level determined by the acceleration of the deepest skid 
wheel during a pressure increase phase D°. The con- 

25 troller 35 initially provides a signal to the valves A and 
B so that they are both de-energised to cause a flow of 
brake command signal so that brake pressure is in- 
creased and then the solenoid A will be energised so as 
to hold the pressure for a predetermined time followed 

30 by energisation of the solenoid B to further increase the 
pressure so that the pressure is increased stepwise. In 
the Figures the individual steps are not shown but the 
line 3 shows the "integrated" effect of the steps. As 
shown in section D° the pressure is not increased step- 

35 wise at a constant rate but according to a predetermined 
regime which depends on the acceleration of the deep- 
est skid wheel. In the present example the first part of 
the increase, i.e. steepest part of the line 3 in the region 
D° ( depends upon the rate of acceleration, whilst the 

40 second part above the knee is, in the present example, 
constant, but other regimes may be used if desired. 

As the pressure increases, the wheel 25b, just be- 
fore the line 5 in Figure 3, engages with a portion of the 
surface 27b having a lower co-efficient of friction than 

45 that with which it was engaged at point 2 and so the 
wheel 25b starts to skid at a lower brake pressure than 
that occurring at point 2. The algorithm of Figure 6 is re- 
started and the controller determines that the wheel 
speed is less than the threshold (Stage II) and that the 

50 acceleration is also less than the threshold (Stage IV). 
The controller also determines that this is the first oc- 
currence of these conditions (Stage V). Thus, in this 
case the controller 35 has determined that at the first 
skid of depth d v the wheel 25b was engaged with the 

55 surface 27b having a co-efficient of friction above a pre- 
determined level, as a result of the speed of the wheel 
being above a threshold value or below a threshold val- 
ue and the acceleration of the wheel being at or above 
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a threshold value in the region C°h but the surface 27b 
at skid of depth o^ has a co-efficient of friction below the 
predetermined level and because this is the first occur- 
rence the controller 35 maintains select low and pro- 
vides skid control instructions to the solenoid valves A s 
and B in a similar manner to those provided in the re- 
gions C°r and C°h as illustrated in regions C 1 r and C^h. 
In this case the skid is of greater depth, d 2 , and hence 
the brake pressure is held in the region C^h for a longer 
period because the wheel takes longer to recover. io 

Again, when the wheel has recovered to within a 
predetermined level of vehicle speed (point 7), deter- 
mined either by the memory of the vehicle speed prior 
to skidding and/or the speed of the vehicle as deter- 
mined by the speed of the rotation of the wheel 25a, the is 
controller 35 provides skid control instructions to the so- 
lenoid valves A, B so as to cause the brake pressure to 
rise from the level P 2 to a predetermined pressure de- 
termined by the acceleration of the deepest skid wheel 
during a second pressure increase phase D 1 . Again : the 20 
pressure is increased stepwise and in a 2 phase regime 
as' in the region D°. 

As the pressure increases, the wheel 25b, which is 
still engaged with a surface 27b of the same co-efficient 
of friction as before, again starts to skid, as shown at d 3 . 25 
The algorithm is re-started and the controller again de- 
termines that the wheel speed is less than the threshold 
II and that the acceleration is less than the threshold IV 
and checks that this is the second occurrence of such 
conditions VI. This causes the controller to test the rel- 30 
ative difference between the co-efficients of friction at 
the surfaces 27a and 27b VII. 

This is done by the controller providing skid control 
instructions to the solenoid valves A and B to cause the 
pressure to increase for a limited period as indicated in 35 
the region E 1 between the points 3 and 9 instead of 
causing the pressure to decrease, as occurred at points 
2 and 5. The time period is predetermined and may be, 
for example, in the range 50 to 100 ms. 

In the present example, the pressure is increased 40 
at a greater rate than it was increased over the second 
part of the region D 1 . If desired, however, the pressure 
may be increased at the same rate as over the second 
part of the region D 1 or at a lower rate, or may be held 
constant at the pressure of the point 8, or indeed may 45 
be decreased from the pressure at the point 8 but at a 
slower rate than it was decreased at the points 2 and 5. 

Such control of the brake pressure is for a limited 
time period, i.e. region E 1 , so that the brake pressure 
does not fall at a rate which is equal to or greater than so 
the rate at which it fell in the previous pressure reduction 
phase CV, causes the braking effect on both of the 
wheels not to decrease as fast as in the region C 1 r so 
that the wheel 25b continues to skid and skidding may 
take place of the wheel 25a depending upon the mag- ss 
nitude of the difference between the co-efficient of fric- 
tion of the surfaces 27a and 27b. The controller com- 
pares the speed of the wheel 25a with a threshold value 



Vlll. 

In the present situation the co-efficient of friction of 
the surface 27a is only slightly higher than that of the 
surface 27b and hence the wheel 25a begins to skid at 
the point 8a. If during, or within a predetermined time 
after the end of, the limited time period, i.e. at the point 
9, the controller 35 : recognises a skid condition of the 
wheel 25a (by virtue of the speed of the wheel 25a being 
below the threshold value IX), the controller adopts a 
select low mode X and skid control instructions are sup- 
plied to the solenoids A and B in a similar manner as 
indicated in the region C°r and Cr so as to perform a 
pressure reduction phase of a third cycle. The reduction 
in pressure occurs up to the point 10 i.e. region C 2 r. 

It will be noted that the speed of the wheel 25b fell, 
whilst the wheel 25a has already nearly recovered. 
When the brake pressure has fallen to the level P 3 the 
wheel 25b starts to recover and on detection of the start 
of recovery the brake pressure is held until the wheel 
25b recovers to within a predetermined speed of vehicle 
speed, see region C 2 h. A second pressure increase 
phase then takes place at point 11 similar to that de- 
scribed hereinbefore in regions D° and D 1 . This pres- 
sure increase phase is shown in region D 2 . 

The controller 35 re-starts the algorithm of Figure 6 
and by virtue of stages II, III and VI determines that the 
same conditions have occurred two or more times and 
hence the test for near co-efficient of friction levels is 
performed again VII. 

In effecl the controller determines which wheel had 
the deepest skid (d 3 ) in the region C 2 r, the wheel 25b, 
and determines its acceleration so that when the con- 
troller 35 then senses that one of the wheels 25a, 25b 
again starts to skid by virtue of signals supplied by the 
sensors 36a, 36b, the controller 35 determines whether 
the wheel 25b was on a low friction surface by compar- 
ing the acceleration of wheel 25b with a threshold value 
and if it determines that the wheel 25b was engaged with 
a low friction surface, then the brake pressure is again 
controlled so that it does not fall at a rate which is equal 
to or greater than the rate at which it fell in the previous 
recovery phase, as shown in region E 2 . 

At this stage, it is assumed, in the present example, 
that the wheel 25a has become engaged with a surface 
27a of significantly greater co-efficient of friction than 
the surface 27b and thus when the pressure is thus in- 
creased over the limited time period E 2 no skidding of 
wheel 25a is delected, i.e. the wheel speed is equal to 
or above the threshold XI. 

Accordingly the controller 35 adopts a select high 
mode XII and so the brake pressure continues to rise 
beyond point 1 3 at the end of region E 2 over the region 
F to the point 14 where skidding of the wheel 25a takes 
place. Of course., the wheel 25b is already skidding from 
just before the point 12 onwards. The controller 35 then 
provides skid control instructions to the solenoid valves 
A and B to reduce the pressure over the region C 3 r from 
point 1 4 to point 1 5 and hold the pressure over a region 
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C 3 h so as to cause the wheel 25a to stop skidding and 
to recover towards the vehicle speed, which it attains at 
point 16. The pressure is then again increased in a pres- 
sure increase phase shown in region D 3 . The wheel 25b 
continues to skid. 

Repeated cycles of pressure decrease and in- 
crease, resulting in successive cycles of deceleration 
and acceleration of the wheel 25a are then carried out 
in conventional manner, one of which is shown at re- 
gions C 4 r, C 4 h and D 4 . 

If on continued increase in pressure in region F the 
wheel 25a does not skid, then after a predetermined 
time, for example 1 .5 seconds a "time out" condition oc- 
curs and the system reverts to a select low mode. If de- 
sired, the higher friction wheel, i.e. the wheel engaged 
with the high friction surface, may be controlled on the 
basis of the adjustable detection thresholds so as to not 
compromise the stability of the vehicle. That is to say, 
the threshold at which the sensor 36a associated with 
the wheel 25a senses that the wheel 25a starts to skid 
is adjusted so as to advance the skid detection point so 
that a shallower skid is achieved and hence a greater 
stability or steering ability is provided. 

Figure 7 illustrates the functions of an algorithm with 
which the controller is programmed to control the sys- 
tem during the sequence illustrated in Figures 4 and 5. 

Using the algorithm illustrated in Figure 7, the con- 
troller compares the speed of the wheel engaged with 
the lower friction surface, i.e. in this example 25b, with 
a threshold If the speed is greater or equal to the th resh- 
old, indicating that the co-efficient of friction of the sur- 
face with which the wheel 25b has increased, then the 
controller is caused to adopt the select low mode and 
the occurrence memory is cleared (Stage XIII). 

Alternatively, if the speed comparison is less than 
the threshold which indicates that the low friction wheel 
is still skidding (Stage XIV) the controller compares the 
speed of the wheel engaged with the high friction sur- 
face, i.e. the wheel 25a, with a threshold. If this speed 
is greater than or equal to the threshold (Stage XV) the 
controller is caused to maintain the select high condi- 
tion. Alternatively, if the speed is less than the threshold 
(Stage XVI) the controller is caused to compare the ac- 
celeration of the same wheel with a threshold. 

If the acceleration is less than the threshold (Stage 
XVII) the controller is again caused to adopt select low 
and the occurrence memory is cleared. Alternatively, if 
the acceleration is greater than or equal to the threshold 
(Stage XVIII) the controller is caused to maintain select 
high. 

Referring now to Figure 4, this illustrates the condi- 
tions obtaining where the wheel 25a becomes engaged 
with a lower friction surface 27a after having been pre- 
viously engaged with a higher friction surface 27b, as 
described in the regions F-D 4 of Figure 3. 

Figure 4 is a continuation of Figure 3 starting at point 
20, i.e. the end of region D 4 . 

In this example the wheel 25a at point 20 runs onto 



a lower friction surface which causes the wheel 25a to 
skid (Stage XIV). The algorithm then follows Stages XVI 
and XVII. This will cause the controller 35, which was in 
a select high condition, to provide skid control instruc- 
s tions to the valves A, B so as to reduce the brake pres- 
sure over the region C 5 r down to pressure P 4 at the point 
21 . At a pressure P 4 the wheel 25a has just started to 
recover, and the wheel 25b being already engaged with 
a low friction surface 27b, will continue to skid. 
io Because the surface 27a is now a relatively low fric- 
tion surface the acceleration of the wheel 25a was 
sensed as being below a predetermined acceleration 
(Stage XVII) or if it is near to the last low friction wheel 
recovery acceleration which was previously recorded in 
is the memory, the controller 35 causes the brake pressure 
to be dropped further, at point 22 and adopts the select 
low mode. 

The pressure falls over the region C 6 r to pressure 
P 5 until the sensor 36b senses an increase in the speed 
of the wheel 25b and then the controller signals the 
valves A and B to hold the pressure at point 23. 

During the holding phase C 6 h the wheel 25b recov- 
ers to within a predetermined speed of vehicle speed 
and then a pressure increase phase D 6 starts at point 
24 in the usual 2 phase form. The controller 35 enters 
a select low mode upon sensing the onset of skidding 
of the next wheel to skid at just prior to point 25. Where- 
upon the sequence described hereinbefore : beginning 
at point 2 or point 5 of Figure 3, according to the friction 
conditions, may be repeated. 

Referring now to Figure 5. This is again a continu- 
ation of Figure 3 beyond point 20 but illustrating an al- 
ternative set of conditions to that illustrated in Figure 4. 

Figure 5 illustrates the condition where the low fric- 
tion wheel of Figure 3, i.e. the wheel 25b, becomes en- 
gaged with a higher friction surface. 

In this example, at the point corresponding to the 
point 20 of Figure 3 the wheel 25a, which is on a rela- 
tively high friction surface, starts to skid, and so the con- 
troller 35, which is in a select high mode, reduces pres- 
sure, as shown in the region C 7 r. 

If during this pressure reduction stage the wheel 
25b, which was previously on a low friction surface, runs 
onto a high friction surface, then the wheel 25b will start 
to accelerate as shown at point 26 and this is detected 
by the sensor 36b and according to the algorithm of Fig- 
ure 7 the speed of the wheel 25b will be detected to be 
at or above the threshold (Stage XIII) and hence the con- 
troller will adopt the select low mode and clear the oc- 
currence memory. Thus, the controller 35 provides skid 
control instructions which initially holds the pressure, in 
region C 7 h and then further drops the pressure in region 
C 8 r to a predetermined pressure P 6 at point 26a which 
allows the wheel 25b to continue to recover and adopts 
a select low mode . The controller 35 then signals the 
valves A and B to hold the pressure over the region C 8 h 
up to point 27 whereat the speed of wheel 25b is within 
a predetermined speed of vehicle speed of the controller 
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in normal manner. The wheel 25a meanwhile has also 
fully recovered. The pressure is then increased at point 
27 in normal 2 phase manner in region D 8 . 

When a further skid condition of either of the wheels 
is detected, just prior to point 28 the controller 35 adopts 
a select low mode and the procedure described previ- 
ously with regard to Figure 3 is repeated starting at point 
2 or point 5 of Figure 3 depending on conditions. 

In a third condition, not illustrated, the low friction 
wheel may again run on a low friction surface so that the 
algorithm of Figure 7 detects that the speed is below the 
threshold, i.e. Stage XIV which causes the controller to 
compare the speed of the high friction wheel with the 
threshold and if the speed of the high friction wheel is 
detected as being above or equal to the threshold so 
that the high friction surface is above a predetermined 
co-efficient of Inction level, then the controller maintains 
select high (Siage XV) 

In a fourth condition, not illustrated, the low friction 
wheel may rignin run on a low friclion surface so lhat the 
algorithm fallow* Stage XIV but when the controller 
compares the speed of the high friction wheel with the 
threshold the speed of the high friction wheel is detect- 
ed as bemq below the threshold (Stage XIV) so that the 
acceleration o' ihc high friction wheel is checked and in 
this caso r. is groator than or equal to the threshold 
(Stage XVI I) so the system maintains select high. 

When the wheels are steered wheels it is preferable 
to limit iho hr**e pressure afler the wheel engaged with 
the lower fncton surface has skidded, e.g. locked. This 
may be achieved by ending the pressure increase 
phase C° -D £ after a prcde:crmined time and then hold- 
ing the brake pressure at that pressure. 

Althouqh m the above described example a com- 
mon supply means in the form of a relay valve has been 
described :hc pneumatic control signal to which is mod- 
ulated by the skid confol means, if desired, an in-line 
supply valve may be provided controlled by similar so- 
lenoid valves 

Furthermore although in Ihe above described ex- 
ample a single channel brake control system for the trail- 
er has been described, if desired the trailer may be pro- 
vided with a two. three or more channel system. The 
conditional select high/select low facility, the subject of 
the present invention, being provided for one or more of 
the channels. 

Although in the above described example the single 
channel syslem is described as having two wheels hav- 
ing brakes operated by a common supply valve means, 
if desired the channel or one or more of the channels in 
a multi channel system may be provided with more than 
two wheels and associated brakes and sensors. Where 
a channol has more than two wheels and sensors the 
lowest friction surface engaged by a sensed wheel may 
be used as the lower friction surface described herein- 
before whilst the surface having the highest co-efficient 
of friction may be used as the higher co-efficient of fric- 
tion surface described hereinbefore. Alternatively, any 



surface other than the surface having the lowest friction 
may be used as the higher friction surface whilst, con- 
versely any surface other than the highest friction sur- 
face may be used as the lower friction surface. 

5 In such circumstances, the controller senses the ac- 
celerations of the various wheels and chooses a wheel 
having an appropriate acceleration in the hierarchy of 
accelerations according to instructions and uses such 
wheels to monitor the friction of the higher or lower f ric- 

io tion surfaces with which they are engaged. 

Other suitable combinations of such first and sec- 
ond comparison means may be provided to that de- 
scribed with reference to the drawings. 

The features disclosed in the foregoing description, 

is or the following claims, or the accompanying drawings, 
expressed in their specific forms or in terms of a means 
for perlorming the disclosed function, or a method or 
process for attaining the disclosed result, as appropri- 
ate, may, separately or in any combination of such fea- 

20 lures, be utilised for realising the invention in diverse 
forms thereof. 



Claims 

1 . A vehicle braking system having at least two wheels 
(25) which are braked by fluid brake pressure com- 
prising means (35) to control the brake pressure 
above a threshold pressure for a limited time period 
and the system comprising means (35) to cause the 
system to adopt a select high mode or a select low 
mode in response to the speed conditions of the 
wheels which are engaged with said surface during 
the limited time period. 

2. A vehicle braking system according to claim 1 com- 
prising a controller (35) responsive to wheel speed 
signals from at least two wheel speed sensors (36), 
for sensing speed conditions of at least two wheels 
(25) and for generating skid control instructions, a 
plurality of wheel brakes (24) responsive to fluid 
brake pressure supplied thereto, a supply means, 
comprising a common supply valve (22), for supply- 
ing brake pressure to said brakes from a fluid pres- 
sure supply (17,19,20,21) in accordance with a 
brake operating signal and a skid control means 
(31) controlled by said skid control instructions for 
controlling the brake pressure in a plurality of cycles 
each of which comprises a pressure reduction 
phase and a pressure increase phase. 

3. A vehicle braking system according to claim 1 or 
claim 2 comprising comparison means to perform, 
in an initial anti-skid cycle, a first determination to 
operate the system in a select low mode or in a se- 
lect high mode in accordance with the friction char- 
acteristic of the surface with which the wheels are 
engaged. 
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4. A vehicle braking system according to any one of 
the preceding claims comprising a first comparison 
means to compare the co-efficient of friction ot the 
lower friction surface with a predetermined thresh- 
old and second comparison means to compare the s 
relative values of the co-efficients of friction of the 
surfaces with which at least two of the wheels are 
engaged. 

5. A vehicle braking system according to claim 3 or io 
claim 4 wherein the system is caused to operate in 
select low mode if said comparison means deter- 
mines that a) the co-efficient of friction of the lower 
friction surface is above a predetermined absolute 
level, and/or b) the co-efficients of friction of the sur- '5 
faces with which at least two of the wheels are en- 
gaged differ by less than a predetermined amount, 
and a select high mode if said comparison means 
determines that a) the co-efficient of friction of a low- 
er friction surface is at or below a predetermined 20 
absolute level, and/or b) the co-efficients of friction 

of said surfaces differ by at least said predeter- 
mined amount. 

6. A vehicle braking system according to any one of 2S 
the preceding claims wherein the means to control 
the brake pressure is operable to control the brake 
pressure above said threshold when the system is 

in a select low mode. 

30 

7. A brake system according to any one of the preced- 
ing claims wherein means are provided to deter- 
mine the speed of rotation of said wheels during, or 
within a predetermined time after the end of, said 
limited time period. 35 

8. A vehicle braking system according to any one of 
the preceding claims comprising means to monitor 
which wheel (25) first encounters a skid condition 
when the brake pressure is increased in a pressure *o 
increase phase subsequent to a pressure reduction 

or holding phase pursuant to the detection of the 
first skid condition and means to monitor the co-ef- 
ficient of friction of the higher friction surface (27) in 
a second or greater skid occurence of said wheel 45 
(25) which first encountered a skid condition. 

9. A vehicle braking system according to any one of 
the preceding claims wherein the means to cause 
the system to adopt a select high mode or a select so 
low mode in response to the speed conditions of the 
wheels engaged with said surface during the limited 
time period comprises: 

i) means to cause the system to adopt a select ss 
high mode in response to a skid condition of the 
wheel engaged with said higher friction surface 
being above a threshold during the limited time 



period, 

ii) means to cause the system to adopt a select 
low mode, in response to a skid condition of the 
wheel engaged with said higher friction surface 
being below the threshold during the limited 
time period. 

10. A vehicle braking system according to any one of 
the preceding claims wherein the brake system has 
means to determine whether the wheels are en- 
gaged with a surface the friction characteristic of 
which has changed from that obtaining in the initial 
cycle to a split friction surface and, in consequence, 
to cause operation of said means to control the 
brake pressure above said threshold for said limited 
time period. 

11. A vehicle braking system according to any one of 
the preceding claims wherein it comprises further 
means to effect a pressure reduction phase until the 
wheels have recovered to within a predetermined 
speed of vehicle speed in response to detection of 
a skid condition of the wheel (25) engaged with said 
higher friction surface (27) during the limited time 
period so that the controller (35) adopts a select low 
mode. 

12. A vehicle braking system according to any one of 
the preceding claims wherein the first comparison 
means comprises means to compare the speed of 
the wheels (25) with a threshold and to cause the 
controller to be in select low mode if the speed of 
the wheel (25) engaged with the lower friction sur- 
face (27) is (low friction wheel) at or above the 
threshold. 

13. A vehicle braking system according to Claim 12 
wherein the first comparison means comprises 
means to compare the acceleration of the wheel 
(25) with a threshold if the speed of the low friction 
wheel (25) is below the threshold, and to cause the 
controller (35) to be in a select low mode if the ac- 
celeration is at or above the threshold and to cause 
the controller (35) to be in a select high mode if the 
acceleration is below the threshold. 

14. A vehicle braking system according to any one of 
the preceding claims wherein said means to control 
the brake pressure during said limited time period 
is operable so as to 

a) decrease during the limited time period but 
at a lower rale than in a previous recovery 
phase, or 

b) remain constant during the limited time peri- 
od, or 

c) increase during the limited time period. 
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15. A vehicle braking system according to Claim 14 
wherein the means to control the brake pressure is 
operable so that when the brake pressure is in- 
creased it is increased at the same rate, or at a fast- 
er rate, or at a slower rate than in a previous pres- 5 
sure increase phase. 

16. A vehicle braking system according to any one of 
the preceding claims wherein it further comprises 
means to hold the brake pressure, or to further re- 10 
duce and then hold the brake pressure to allow re- 
covery of said wheel (25) previously engaged with 

the lower friction surface (27) in response to the 
controller (35) being in a select high mode, and, dur- 
ing a pressure reduction phase or a pressure hold- is 
ing phase ; the controller (35) detecting acceleration 
of the wheel previously engaged with the lower fric- 
tion surface (27), as a result of the co-efficient of 
friction of the higher and lower friction surfaces (27) 
converging. 20 

1 7. A vehicle braking system according to any one of 
claims 1 to 1 5 wherein it further comprises means 
further to reduce the brake pressure and optionally 

to then hold the brake pressure, to allow full recov- 2s 
ery of the other wheel (25) engaged with the lower 
friction surface (27) in response to the controller 
(35) being in a select high mode, and, during a pres- 
sure reduction phase or a pressure holding phase, 
the controller (35) detecting that acceleration of the 30 
wheel previously engaged with a higher friction sur- 
face (27) is within a predetermined acceleration of 
the acceleration of the wheel (25) previously en- 
gaged with the low friction surface (27) and/or is be- 
low a predetermined level, as a result of the co-ef- 35 
ficient of friction of the higher and lower surfaces 
(27) converging. 

1 8. A vehicle braking system according to any one of 

the preceding claims wherein it further comprises 40 
means, operative when the controller (35) is in a se- 
lect high mode, to compare the speed of the wheel 
(25) engaged with the lower friction surface (27) 
(low friction wheel) with a threshold, and means to 
cause the controller (35) to adopt select low mode 45 
if the speed is at or above the threshold. 

1 9. A vehicle braking system according lo any one of 
the preceding claims wherein it further comprises 
means to compare the speed of the high friction so 
wheel (25) with a threshold, if the speed of the low 
friction wheel (25) is below a threshold, and means 

to cause the controller (35) to maintain select high 
mode if the speed of the high friction wheel (25) is 
greater than or equal to the threshold and means to ss 
cause the controller to compare the acceleration of 
the high friction wheel (25) with a threshold if the 
speed of the high friction wheel (25) is less than the 



threshold. 

20. A vehicle braking system according to Claim 19 
wherein it further comprises means to cause the 
controller to maintain select high mode if the accel- 
eration of the high friction wheel (25) is greater than 
or equal to the threshold and to adopt select low 
mode if the acceleration of the high friction wheel 
(25) is less than the threshold. 

21. A vehicle braking system according to any one of 
the preceding claims wherein means are provided 
to limit the brake pressure after the wheel (25) en- 
gaged with the lower friction surface (27) has skid- 
ded. 

22. A vehicle braking system according to claim 21 
where the wheels (25) are steered wheels. 

23. A vehicle braking system according to claim 21 or 
claim 22 wherein said means to limit the brake pres- 
sure ends the pressure increase phase after a pre- 
determined time and then holds the brake pressure 
at that pressure. 

24. A vehicle braking system according to any one of 
the preceding claims wherein the second compari- 
son means comprises means to compare the speed 
of the wheel (25) engaged with the higher friction 
surface (high friction wheel) with a threshold during 
a test procedure in which the brake pressure is 
maintained above a threshold for a limited time pe- 
riod and means to cause the controller (35) to main- 
tain select low mode if the speed of the high friction 
wheel (25) is less than said threshold and to cause 
the controller (35) to adopt a select high mode if the 
speed of the high friction wheel (25) is greater than 
or equal to the threshold. 
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